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Claims 



1 . A method for manufacturing a semiconductor device characterized by the fact that it 
has the following steps of operation: a first step in which a first insulating film is formed on a 
semiconductor substrate that has at least a portion of its surface formed as a slope portion with its 
normal forming an angle of 80° or larger with respect to the normal to the principal surface of the 
substrate; a second step in which a portion of said first insulating film is etched so that the 
normal to the surface of the insulating film on said slope portion forms an angle of 60-85° with 
respect to the normal to the principal surface of the substrate after this step of processing; and a 
third step in which a second insulating film is formed on said first insulating film by means of 
chemical vapor deposition. 

2. The method for manufacturing a semiconductor device described in Claim 1 
characterized by the fact that in the second step, the first insulating film is etched in a plasma 
containing argon gas and a fluorine containing gas. 

3. The method for manufacturing a semiconductor device described in Claim 1 
characterized by the fact that in the second step, the first insulating film is etched in a plasma 
containing oxygen and a fluorine containing gas after formation of a resist in its recessed 
portions. 

4. The method for manufacturing a semiconductor device described in any of Claims 1-3 
characterized by the fact that the third step, in which the second insulating film is formed, is a 
step in which the insulating film is formed by means of either a pyrolysis reaction of organic 
oxysilane and ozone or a plasma decomposition reaction of organic oxysilane and oxygen by 
means of plasma generation, or by repeatedly perfomiing said two reactions. 

Detailed explanation of the invention 
Industrial application field 

This invention pertains to a method for manufacturing a semiconductor device. The 
method of this invention can be effectively used in depositing an insulating film on a substrate 



having fine bumps and dips. Said insulating film can be used as an interlayer insulating film in a 
multi-layer wiring for increasing the integration degree of a super-LSI, etc. 

Prior art 

With increase in the integration degree of LSIS, technology for depositing wiring as a 
multi-layer structure has been used. It is thus necessary to cover portions between fine wiring 
portions with an insulating film and to form a flat interiayer insulating film. In the prior art, 
extensive studies have been conducted on using a chemical vapor deposition method (hereinafter 
referred to as CVD method) to cover an Si02 film or another insulating film between fine wiring 
portions. For example, Figure 4 illustrates such a process. As shown in Figure 4A, on Si 
substrate (100), on which Al wiring pattern (102) (102A-102C) is formed, Si0 2 film (104) is 
deposited by means of a reaction between tetraethoxysilane (TEOS) or other organic oxysilanes 
as a feed gas with oxygen by means of a plasma CVD method. Compared with an SiC»2 film 
prepared in a reaction of a silane based gas, the Si0 2 film prepared using an organic oxysilane as 
shown in the aforementioned example has less overhang, and the step covering property is good. 
Consequently, it is appropriate for covering up the gaps between wiring portions. (For example, 
see: VLSI Multi-Level Interconnection Conference (IEEE VMIC) June 15-16, 1987 M.J. Thoma 
"A 1 .0 urn CMOS LEVEL METAL TECHNOLOGY INCORPORATING PLASMA 
ENHANCED TEOS.") 

Figure 5 illustrates another example. In this example, on Si substrate (100) with Al wiring 
pattern (102) (102A-102C) formed on it, Si0 2 film (104) is deposited by means of a plasma 
reaction between TEOS and 0 2 . Then, using an Ar sputtering method, Si0 2 film (104) is etched 
at an angle of 45° to form Si0 2 film (105). Then, by means of a plasma reaction of TEOS and 
0 2 , Si0 2 film (106) is deposited again to form an interlayer insulating film. In this way, by 
means of etching of the Si0 2 film at an angle of 45° by means of Ar sputtering, it is possible to 
cover up even finer gaps (Denshi Zairyo, September 1987, pp. 1 16-122 "Precision 5000 CVD 
and its functions"). 

Problems to be solved by the invention 

However, the conventional manufacturing methods shown in Figures 4 and 5 have the 
following problems. 

It is impossible to cover up fine wiring gaps, especially those with an aspect ratio of 1 or 
larger. That is, in the example illustrated in Figure 4, although the Si0 2 film prepared using a 
plasma CVD method with TEOS as a feed material has a characteristic feature that its overhang 
is small, the thickness of the film of the flat portion is nevertheless about twice that of the film 
pressure [sic; thickness] inside the recessed portion. Consequently, with an aspect ratio of the 
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gap of 0.8 or larger, voids (108) (108A-108B) are formed as shown in Figure 4B. Also, in the 
example shown in Figure 5, in which an SiC^ film (104) is etched at an angle of 45° by means of 
an At sputtering method, when the aspect ratio of the Al wiring gap becomes 1 or larger, and Ar 
sputtering is not performed directly on Al wiring (102) (102A-102C) so as to prevent 
degradation in the element characteristics, it is impossible to etch Si0 2 film (104) with a slope 
reaching the bottom of the gap. Consequently, when Si0 2 film (106) is deposited, voids (108) 
(108A-108B) are formed as shown in Figure SC. 

The objective of this invention is to solve the aforementioned problems of the 
conventional methods by providing a method for manufacturing a semiconductor device 
characterized by the fact that it has excellent manufacturing yield and reliability and allows a 
high integration degree. 

Means to solve the problems 

This invention provides a method for manufacturing a semiconductor device 
characterized by the fact that it has the following steps of operation: a first step in which a first 
insulating film is formed on a semiconductor substrate that has at least a portion of its surface 
formed as a slope portion with its normal forming an angle of 80° or larger with respect to the 
normal to the principal surface of the substrate; a second step in which a portion of said first 
insulating film is etched so that the normal to the surface of the insulating film on said slope 
portion forms an angle of 60-85° with respect to the normal to the principal surface of the 
substrate after this step of processing; and a third step in which a second insulating film is 
formed on said first insulating film by means of chemical vapor deposition. 

Operation of the invention 

This invention with the aforementioned constitution has the following operation. 

(1 ) Since the first insulating film is processed so that the normal to the surface of the first 
insulating film in the slope portion forms an angle of 60-85° with respect to the normal to the 
principal surface of the substrate, when the second insulating film is formed, it is possible to 
cover up gaps with an aspect ratio of 1 or larger free of voids. 

(2) Because it is possible to cover up fine gaps free of voids, it is easy to perform the 
flattening operation for the surface of the semiconductor substrate, and it is easy to form the 
upper layer of wiring. Also, it is possible to prevent wire breakage of the lower layer. 

(3) By means of a combination of the step of formation of insulating film by means of 
pyrolysis of organic oxysilane and the step of formation of an insulating film by means of plasma 
decomposition reaction, it is easy to cover the insulating film in fine recessed portions. 
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Application examples 
Application Example 1 

In the following, this invention will be explained in detail with reference to application 
examples. 

Figures 1 A-C illustrate steps of operation for forming an interlayer insulating film of two 
layers of wiring in a manufacturing process of an application example of this invention. As 
shown in Figure 1 A, circuit elements were formed on semiconductor Si substrate (2), and the 
substrate having first Al wirings (4A)-(4C) (as a whole, they will be referred to as Al wiring (4)) 
with side surfaces almost perpendicular to the principal surface of the substrate was set in a 
plasma CVD apparatus. While the temperature of the substrate was kept at 390°C, a gas mixture 
of TEOS and O2 was fed in, and a plasma was generated while a vacuum was maintained at 
10 torr. In this way, as the first insulating film, Si0 2 film (6) with a thickness of 0.6 pm was 
deposited. Then, as shown in Figure IB, the substrate illustrated in said [Figure 1] A was set in a 
dry etching apparatus. Then, a gas mixture of CF 4 and Ar was fed in, and a plasma was generated 
while a vacuum was maintained at 0.05 torr. In this state, SiC>2 film (6) was etched for 0.3 um, 
forming Si0 2 film (8). In this case, while Si0 2 film (6) was etched at an angle of 45° with Ar 
gas, Si0 2 film (6) was conventionally anisotropically etched with CF 4 gas, so that Si0 2 film (8) 
inside the gaps of Al wiring (4A-4C) could be processed with a slope angle of 60-85° down to 
the bottom of the gaps. Then, as shown in Figure 1C, the substrate shown in said [Figure 1] B 
was set in a plasma CVD apparatus. While the substrate temperature was kept at 390°C, a gas 
mixture of TEOS and 0 2 was fed in, and a plasma was generated while a vacuum was 
maintained at 10 torr. In this way, as a second insulating film, Si0 2 film (10) with a thickness of 
0.5 um was deposited. In this case, because Si0 2 film (8) has a slope with angle in the range of 
60-85° down to the bottom of the gap, and none of its side surface is perpendicular to the 
principal surface of the substrate or has an even larger angle, it is possible for Si0 2 film (10) to 
cover up the gaps of Al wiring (4) (4A-4C) with an aspect ratio of 1 or larger. 

Also, the same results were obtained when S1H4 and 0 2 or SiHi and N 2 0 were used in 
place of TEOS and 0 2 in said plasma CVD for forming said first insulating film. Also, the same 
results were obtained when CHF 3 was used in place of CF 4 in said dry etching. Also, in the 
plasma CVD for forming said first and second insulating films, the same results were obtained 
when tetramethoxysilane [Si(OCH3) 4 ] was used in place of TEOS. 

Also, in said process for forming Si0 2 film (8) by etching Si0 2 film (6), it has been found 
that the nearer the angle of the slope of the Si0 2 film (8) in the gaps of Al wiring (4) with respect 
to the principal surface of the substrate to 85°, the finer the Al wiring gaps that can be covered up 
free of voids. Also, in this etching operation, it is possible to form a slope of Si0 2 film (8) down 
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to the bottom of the gaps without exposing the surface of Al wiring (4) (4A-4C) directly to the 
Ar plasma atmosphere. Consequently, the circuit elements are not damaged by the Ar plasma. 

Also, in the aforementioned application example, we have described an example wherein 
an interlayer insulating film is formed on Al wiring having side surfaces almost perpendicular to 
the principal surface of the substrate. However, the manufacturing method of the aforementioned 
application example can also be used if the side surfaces of the Al wiring have angles of 90°C or 
larger with respect to the principal surface of the substrate. The same effects as aforementioned 
can be realized in this case. 

A pplication Example 2 

Figure 1 can be used to illustrate the process for forming an interlayer insulating film of a 
2-layer wiring in Application Example 2 of the manufacturing operation in this invention. As 
shown in Figure 1 A, circuit elements were formed on Si substrate (2), with side surfaces [of 
wiring] almost perpendicular to the principal surface of the substrate. 

Using the same plasma CVD method as that used in Application Example 1, as a first 
insulating film, SiC>2 film (6) with a thickness of 0.6 um was deposited on the substrate where 
the first Al wiring Al 4 (4A-4C) had been formed. Then, as shown in Figure IB, the same gas 
mixture of Ar and fluorine containing gas as that used in Application Example 1 was used in a 
dry etching method to etch Si0 2 film (6) for 0.3 pm to form SiO [sic; SiC»2] film (8) with a slope 
of 60-85°. Then, as shown in Figure 1C, the substrate was set in a thermal CVD apparatus. While 
the substrate temperature was kept at 390°C, a gas mixture of TEOS and 0 3 was fed in, and 
thermal reaction was performed with a vacuum degree of 60 torr to deposit Si0 2 film (10) with a 
thickness of 0.5 pm as a second insulating film that covered up the gaps of Al wiring (4). 

The same results were obtained when tetramethoxysilane [Si(OCH3) 4 ] was used in place 
of TEOS in the thermal CVD for forming said second insulating film. 

A pplication Example 3 

Figure 2 can be used to illustrate the steps of formation of an interlayer insulating film for 
a 2-layer wiring in the manufacturing process of Application Example 3 in this invention. As 
shown in Figure 2A, circuit elements were formed on Si substrate (2), with first Al wiring (4) 
(4A-4C) having side surfaces almost perpendicular to the principal surface of the substrate. 
Then, using the same plasma CVD method as that used in Application Example 1 , SiC>2 film (6) 
with a thickness of 0.6 um was formed as a first insulating film on said substrate. Then, as shown 
in Figure 2B, resist film (7) with a thickness of 1.5 pm was coated on the substrate to flatten the 
surface above the substrate. Then, the substrate was set in a dry etching apparatus. 0 2 gas was 
fed in, and a plasma was generated at a vacuum degree of 0.1 torr. As a result, said resist film (7) 
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was etched for 1 .5 um, and, as shown in Figure 2C, resist film (7) (7A-7D) was formed in 
recessed portions of Si(>2 film (6). Then, as shown in Figure 2D, the substrate was set in the dry 
etching apparatus, and a gas mixture of C2F6 and O2 was fed in, and a plasma was generated 
under a vacuum degree of 2 torr. In this way, said resist film (7) (7A-7D) and SiC>2 film (6) were 
etched to form Si02 film (8). In this case, while resist film (7) (7A-7D) was etched with 0 2 gas, 
Si02 film (6) was subject to isotropic etching with the gas mixture of C2F6 and O2. As a result, 
Si0 2 film (8) inside the gaps of Al wiring (4) (4A-4C) was processed to a slope with an angle of 
60-85° down to the bottom of the gaps. In this case, no side surface of Si0 2 film (8) 
perpendicular to the principal surface of the substrate was left. After that, as shown in Figure 2E, 
the same plasma CVD method as that used in Application Example 1 was used to deposit Si0 2 
film (10) with a thickness of 0.5 um as a second insulating film to cover up the gaps of Al wiring 
(4). 

Also, the same results were obtained when the second insulating film was formed by 
means of the thermal CVD method using TEOS and O3 as in Application Example 2, instead of 
formation of the second insulating film by means of the plasma CVD method using TEOS and 
0 2 as in Application Example 3. 

A pplication Example 4 

Figure 3 illustrates the steps of formation of an interlayer insulating film for a 2-layer 
wiring in the manufacturing process of Application Example 4 of this invention. As shown in 
Figure 3 A, circuit elements were formed on Si substrate (2), with first Al wiring (4) (4A-4C) 
having side surfaces almost perpendicular to the principal surface of the substrate. Then, using 
the same plasma CVD method as that used in Application Example 1, Si0 2 film (6) with a 
thickness of 0.6 um as a first insulating film was deposited on the substrate. Then, as shown in 
Figure 3B, by means of a dry etching method using Ar and fluorine containing gas in the same 
way as in Application Example 1 , Si0 2 film (6) was etched for 0.3 um to form Si0 2 film (8) 
having a slope with angle of 60-85°. Then, as shown in Figure 3C, by means of the same thermal 
CVD method using a gas mixture of TEOS and O3 as in Application Example 2, Si02 film (9) 
with a thickness of 0.2 um was deposited and it covered up the gaps of 0.8 jam or smaller on said 
Al wiring (4). Then, as shown in Figure 3D, by means of the same plasma CVD method using a 
gas mixture of TEOS and 0 2 as in Application Example 1, Si0 2 film (10) with a thickness of 0.3 
um was deposited. In this case, Si02 film (9) prepared using thermal reaction of TEOS has a 
better step covering property than Si02 film (10) prepared using plasma reaction of TEOS, and it 
is appropriate for covering up gaps of 1 um or smaller. However, the thermal reaction of TEOS 
leads to degradation in the film quality of Si02 film (9), and cracks may develop in the heat 
treatment process performed after a thick film is deposited. It is possible to prevent generation of 
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cracks by depositing SiC>2 film (10) by means of plasma reaction of TEOS. Also, compared with 
a depositing rate of 0.2 um/min of SiC>2 film using thermal reaction of TEOS, the depositing rate 
of Si02 film using plasma reaction of TEOS is higher (0.8 um/min). Consequently, it is possible 
to increase the throughput. Also, by selecting the thickness of the Si02 film using said thermal 
reaction of TEOS and the thickness of the Si02 film using said plasma reaction of TEOS, and by 
performing said steps of operation repeatedly, it is possible to cover up gaps of said Al wiring (4) 
with any dimensions. 

The same results were obtained when Si02 film (6) was etched by means of a dry etching 
method using O2 and fluorine containing gas after formation of a resist film in the recessed 
portions on Si02 film (6) as in Application Example 3, instead of etching of Si02 film (6) to a 
slope of 60-85° by means of a dry etching method using Ar and fluorine containing gas as in said 
Application Example 4. 

Effect of the invention 

The aforementioned method for manufacturing a semiconductor device in this invention 
has the following effects. By means of etching a first insulating film with gaps formed on it to 
form a slope of 60-85° down to the bottom of the gaps and without leaving side surfaces 
perpendicular to the principal surface of the substrate, it is possible to cover up fine gaps with an 
aspect ratio of 1 or larger free of voids when a second insulating film is formed. 

Because it is possible to cover up fine gaps without generating voids, it is easy to flatten 
the surface of the semiconductor substrate. When this method is used in forming an interlayer 
insulating film for a multi-layer wiring, the upper layer of wiring can be formed prepared [sic; 
easily]. Also, it is possible to prevent wire breakage of the lower layer of wiring. In addition, by 
realizing multi-layer wiring, the integration degree and operation speed of the elements can be 
increased. 

By means of a combination of the operation of deposition of an insulating film with a 
pyrolysis reaction of an organic oxysilane and the operation of deposition of an insulating film 
with a plasma decomposition reaction, it is possible to cover up fine recessions of an insulating 
film. 

As explained above, according to this invention, it is possible to cover up fine recessions 
of an insulating film without forming voids. Consequently, this invention contributes 
significantly to an increase in the integration degree and reliability of elements. 

Brief description of the figures 

Figure 1 presents cross-sectional views illustrating steps in Application Examples 1 and 2 
of the method for manufacturing a semiconductor device in this invention. Figure 2 presents 
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cross-sectional views illustrating steps in Application Example 3 of the manufacturing method of 
this invention. Figure 3 presents cross-sectional views illustrating steps in Application Example 
4 of the manufacturing method of this invention. Figure 4 presents cross-sectional views 
illustrating steps in an example of a conventional manufacturing method. Figure 5 presents 
cross-sectional views illustrating steps of another application example of a conventional 
manufacturing method. 

2 Si substrate, 4A, 4B, 4C Al wiring, 6, 8, 9, 10 CVD-Si0 2 film, 7, 7 A, 7B, 7C, 7D 
Resist film. 
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Legend: 2 Si substrate 
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Figure 5 

Legend: 105,106 CVD-Si0 2 film 



